Cluster sampling to estimate breeding
blackbird populations in North Dakota
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Abstract Local blackbird populations cause most of the damage to sunflower crops in North
Dakota. Precise estimates of blackbird breeding populations are necessary before
management practices designed to reduce their numbers are implemented. We esti-
mated populations of red-winged blackbirds (Agelaius phoeniceus), yeliow-headed
blackbirds (Xanthocephalus xanthocephalus), and common grackles (Quiscalus quis-
cula) in North Dakota from 798 quarter sections surveyed during May and june 1991.
We tested the hypothesis that a stratified, 2-stage, cluster sampling scheme using
Neyman allocation of cluster sample units would improve precision of statewide pop-
ulation estimates and be more cost-efficient than a stratified random sample design.
Population estimates of breeding blackbirds were 1,425,000 (SE=43,000) pairs of red-
winged blackbirds, 665,000 (SE=52,000) pairs of yellow-headed blackbirds, and
698,000 (SE=23,000) pairs of common grackles. Stratified cluster sampling using
Neyman allocation yielded smaller variances than a stratified random sampling design
would have with the same effort. The design effect ratio of 2.06 for all blackbirds indi-
cates that effective sample size was about 400 random quarter sections as opposed to
the 798 quarter sections actually surveyed. Because ciuster sampling reduced overall
cost/quarter section surveyed by 60% compared to stratified random sampling with-
out reducing precision, cluster sampling was more cost-effective.
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Sunflower is a major crop in North Dakota, with
793,212 hectares planted in 1998 (North Dakota
Agricultural Statistics 1999). Hothem et al. (1988)
estimated blackbird damage at $6.5 million in
North Dakota in 1980. Red-winged blackbirds
(Ageiaius pboeniceus), yellow-headed blackbirds
Xantbocephalus xanthocepbalus), and common
grackles (Quiscalus quiscula), which compose
about 9% of the avifauna in North Dakota (gl and
Johnson 1997), are primarily responsible for this

damage (Linz and Hanzel 1997). Information on
distribution and abundance of blackbirds is impor-
tant for designing cost-effective integrated manage-
ment programs to control sunflower losses to
blackbirds (Leitch et al. 1997).

We estimated breeding blackbird populations in
North Dakota in 1990 using 129 quarter sections
(Nelms et al. 1994). We stratified the state into 4
strata, which represented its basic biotic regions.
We allocated sample units to each stratum in pro-
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portion to its are€a. Sample units, consisting of 1
legal quarter section, were then selected randomly
and independently for each stratum (Figure 1). The
population estimates made using these 129 quarter
sections had large variances associated with them
because the populations were clumped. Therefore,
a refinement in sampling methodology might
improve precision of the estimates. Large vari-
ances, probably from presence of clumped distri-
butions, suggested that number of sampling units
should be increased. Surveying more sampling
units is desirable but more expensive, 6 we Ccon-
sidered sampling designs other than stratified ran-
dom sampling to reduce coOsts per unit sampled
while retaining the statistical advantages of larger
sample sizes.

Cost analysis, using time as the measure of effort
invested, showed that approximately 4 quarter sec-
tions were surveyed for every team-day in 1990.
Time required to survey quarter sections varied
(range=110-156 min) among strata (Table 4). The
average time spent on a quarter section in 1990
was 43 minutes; thus, only about 3 hours/day were
spent surveying. Most of the survey time (%=97
min/quarter section) was used traveling berween
and finding quarter sections. Therefore, 2 sampling
design that reduced travel within the sampling
periods could substantially increase the number of
quarter sections that could be surveyed/team-day.

A 2-stage cluster sampling design, with townships
as the primary units and
quarter sections as S€C-

dom samples to the 4 physiographic strata.
Neyman allocation ¢an be used when costs of sur-
veying quarter sections (or any other sample unit)
are fairly uniform across strata, total cost is fixed,
and estimated variances within strata are different.
Sample sizes necessarily increase to maintain preci-
sion as variability increases. The Neyman allocation
method allows observers to distribute greater
amounts of effort to less homogeneous strata, thus
yielding smaller variance estimates for the popula-
tion.

We used data collected in 1991 to test the
hypothesis thata stratified, 2-stage cluster sampling
scheme using Neyman allocation of cluster sample
units would improve the precision of the statewide
population estimates and be more cost-efficient
than a stratified random sample design.

Methods

Cluster sampling

The sample units for this study were legal town-
ships (36 sections, 9,324 ha) and the legal quarter
section (160 acres, 64.75 ha). We used 2-stage clus-
ter sampling, with townships as the primary units
and quarter sections as the secondary units. We
allocated 80 primary sample units to the 4 physio-
graphic strata using Neyman allocation (Cochran
1977:98-99) and variances estimated from the
1990 survey. Within each stratum, we randomly

ondary units, was selected
for the 1991 survey. These
sample units were found
easily, which reduced time
needed to organize the
study and optimized the

limited time available
for surveying. Sufficient
resources were available
to survey a subsample of
10 quarter sections in
each of 80 townships.
Further, to improve effi-
ciency of the survey, we
used Neyman allocation

(Cochran 1977:99), which
minimizes the variance of
a stratified random sam-
ple for a given COst (80
team-days), to allocate ran-

units surveyed in 1990 (circl
from each cluster were samp

Figure 1. Biotic regions of North Dakota and distribution of random quarter-section sample
es) and random township sample clusters {10 guarter sections
led) surveyed in 1991 (boxes). Lettered strata with boundaries
indicated by dashed lines designated as follows: (A) Agassiz Lake Plain, ( B) Coteau Slope, (D}
Drift Plain, (S) Slopes (after Besser 1985).




selected townships, with
4 in the Agassiz Lake stra-
tum, 36 in the Drift Plain,

Tabie 1. Population estimates and standard errors of red-winged blackbirds, yellbw-headed
blackbirds, common grackles, and the 3 species of blackbirds combined in North Dakota by
species in 1990 and 1991, with t-tests comparing the 2 estimates.

21 in the Missouri Coteau,

: 19902 1991
an.d 19 in tk.le . Slopes Species Total SE Total SE t P
(Figure D). Within cach Red-winged blackbird 23 0 000 43 13
township, we randomly Red-winged blackbird 1,423,000 179,000 1,425, 000 1.5 o

lect dp 10 Y Yellow-headed blackbird 391,000 211,000 665000 52000 13 021
Selecte QUATEr S€C- Cormon grackle 768,000 188,000 698,000 23,000 -0.4 071
tions. We surveyed quar-

Blackbirds 2,582,000 335000 2,788,000 81,000 1.4  0.16

ter sections in the same

manner a5 in 1990 (Nelms
et al. 1994), except the
quarter section was not
divided into 4 transects and surveyed. Rather,
clearly visible areas (e.g., plowed fields and grazed
" pastures) were thoroughly canvassed us-ing binoc-
ulars and spotting scopes, and enumerators walked
or drove to and examined areas of reduced visibil-
ity, such as fence rows, potholes, brush and weeds,

aNelms et al. 1994

shelterbelts, ditches, and tall crop residues. We con-

ducted all surveys during
2 daily sampling periods,
from one-half hour after
sunrise to 1100 hours and
from 1600 hours to one-
half hour before sunset.
Two quarter sections in a
township in southern
McKenzie County were
not surveyed because
access was limited by
steep slopes and poorly
maintained roads.

Analysis

We estimated popula-
tion totals and variances
using Cochran’s (1977)
statistical procedures for
stratified random samples
with optimum allocation
and 2-stage cluster sam-
ples. A rtest for samples
of unequal size compared
the population estimates
from 2-stage cluster sam-
pling with Neyman alloca-
tion used in 1991 and the
population estimates from
random sampling with
proportional allocation
used in 1990 (Nelms et al.

1994). To better compare the designs and results of
the 1990 and 1991 surveys, an adjusted estimate of
the 1991 population variance was made. We esti-
mated adjusted 1991 population variances by
reducing the sample size values used in calcula-
tions to reflect number of team-days spent in 1990
while assuming within and among cluster variances

Table 2. Mean number (pairs) of red-winged blackbirds, yellow-headed blackbirds, com-
mon grackles, and the 3 species combined per quarter section within each stratum in North

Dakota in 1991.

Cost associated

Standard deviation? with surveying?

Optimum
number of
Within Among Quarter  quarters/
Stratum % townships townships Township section township?
Red-winged blackbird
Lake Agassiz 4.0 6.1 5.5 126 30 5
Drift Plains 5.5 9.6 3.8 164 36 10
Missouri Coteau 8.6 13.2 11.7 133 33 7
Slopes 3.5 6.5 9.5 192 35 5
Yeliow-headed blackbird
Lake Agassiz b - - - - -
Drift Plains 4.8 20.1 15.5 164 36 9
Missouri Coteau 34 11.3 18.2 133 33 5
Slopes 0.1 0.7 0.03 192 35 10
Common grackie
Lake Agassiz 1.3 2.0 0.1 126 30 11
Drift Plains 3.5 6.8 1.8 164 36 20
Missouri Coteau 3.1 5.6 0.4 133 33 7
Siopes 1.5 4.3 1.5 192 35 8
Blackbirds
Lake Agassiz 5.2 6.6 7.0 126 30 5
Drift Plains 13.9 25.0 66.5 164 36 11
Missouri Coteau 15.1 21.3 19.0 133 33 5
Slopes 5.1 9.2 221 192 35 5

2 Estimated from 1991 data
b No yellow-headed blackbirds were encountered on sample quarters in this stratum in

1991.



Table 3. The estimated population SE for 1991 with effort adjusted to be comparable to 1990

and percentage of change in SE compared to 1990 and 1991.

(#=15.1/quarter section)
and Drift Plains (%=13.9/

quarter section) had 2-3

RE?'VL‘E‘ge]d Yellbolw-lh ;,aied ComT‘o n ‘ times more blackbirds
ackbird ackbir grackle Blackbirds than did the Lake Agassiz
Adjusted 1991 SE 63,000 96,000 35,000 131,000 (#=5.2/quarter section)
% change from 1990 -65 -55 -81 -61 and Slopes (#=5.1/quarter
% change from 1991 47 85 66 62 section) regions. Red-

obtained in 1991 are good estimates of true vari-
ances (Cochran 1977). We calculated the design
effect ratio and coefficient of intraclass correlations
for each species in 1991 to compare the efficiency
of stratified cluster sampling to stratified random
sampling and estimate effective sample size (Kish
1965). The coefficient of intraclass correlation is
the ratio of homogeneity of quarter sections within
townships to the homogeneity of quarter sections
in the state. The more homogeneous that quarter
sections are within townships, then the greater the
variance of the population estimate will be. The
method of censusing a quarter used in 1991
reduced time actually spent on a quarter section by
20 minutes because strip transects were not used.
This difference was subtracted from 1990 means to
account for different survey techniques. We used
the Wilcoxon rank sum test (Ott 1988) to compare
costs of surveying samples using stratified cluster
sampling in 1991 and stratified random sampling in
1990. Optimum number of quarter sections/town-
ship were estimated using 1991 data (Scheaffer et
al. 1986), with time as a measure of cost.

Results

Survey
The 1991 survey results
were similar to those

winged black-birds were

more prevalent in the

Missouri Coteau; densities of ycllow-headed black-

birds and common grackles were greater in the
Drift Plains.

To determine effects of the stratified cluster sam-
pling with Neyman allocation design used in 1991,
with greater effort (67 team-days), compared to the
stratified random sampling with proportional allo-
cation design used in 1990, we adjusted the 1991
estimated variances to reflect the reduced effort in
1990 (34 team-days). We estimated that if 34 team-
days of effort had been used in 1991, standard
errors would still have been reduced 55-81% from
1990 to 1991, which is attributable to using cluster
sampling and Neyman allocation in 1991 (Table 3).
There would have been a 47-85% increasc in the
standard error of the 1991 population estimates if
34 team-days had been expended rather than the
67 team-days actually used. This increase in vari-
ability is attributable to smaller sample sizes that
would have resuited from a reduction in effort and
iliustrates the relationship berween the level of
sampling effort and variability in estimates.

Stratified cluster sampling vielded design effect
ratios of 2.21, 1.85, 1.75, and 2.06 for red-winged
blackbirds, yellow—headed blackbirds, common
grackles, and blackbirds combined, respectively.

Table 4 . Mean time and standard error required to census quarter sections in 1990 and 1991,
with adjusted means for 1990 to correct for a change in census technique and Wilcoxon rank
sum tests comparing adjusted 1990 survey times and 1991 survey times.

obtained in 1990, with

state-wide  populations 1990 1991

(pairs) of 1,425,000 red- Mean  Adjusted Mean

winged blackbirds, 665,000 Stratum (min)  mean?® SE n (min) SE n z P

yellow-headed blackbirds, Lake Agassiz 110 90 6 13 42 4 40 4.4 <0.001

and 698,000 common Drift Plains 130 110 11 50 49 2 210 8.2 <0001

grackles (Table 1). Den- Missouri Coteau 146 126 18 18 43 1 360 6.5 <0.001

sity estimates of black- Slopes 156 136 11 48 53 3 188 9.1 <0.001
North Dakota 140 120 6 129 48 1 798 14.8 <0.001

birds, which are the basis

of population estimates,
varied with stratum (Table
2). The Missouri Coteau

@ Quarters were surveyed an average of 20 minutes faster in 1991 because strip transects
were not used; instead, observers went directly to areas of low visibility, such as shelterbelts,
and canvassed high visibility areas, such as plowed fields, with binoculars and spotting scopes.




The coefficients of intraclass correlation ranged
from 0.083 to 0.134.

Costs

Average cost of surveying a quarter section in
North Dakota using cluster sampling and the
modified complete census technique, measured in
minutes of a team of 2 observers’ working time, was
48 (SE=1) minutes. This cost includes 2 mean of 23
minutes spent censusing the quarter and an aver-
age of 25 minutes of travel time between town-
ships. We prorated time spent traveling berween 2
townships over the quarters sampled within the
second township. Mean cost of surveying quarter
sections in the 4 strata varied a small amount
between strata (Table 4). Similar to 1990, time
required to census a sample was greatest in the
Missouri Slopes stratum (53 min, SE=3). The least
time required/sample was in the Lake Agassiz Plain
stratum (42 min, SE=4). The 1991 cluster sampling
method resuited in a 60% reduction in the overall
cost/quarter section, after we adjusted the 1990
data for the difference in census technique (z=14.8,
11,926 df, P<0.001). The reduction in cost/quarter
was uniform across all strata.

Optimizing cluster samples

In 1991, we sampled 10 gquarter sections (sam-
ples) in each township (cluster). Based on these
data, the optimum number of quarter sections/
township, which depends on the variances of quar-
ter sections within townships and the variances
among townships as well as survey costs and travel
costs within and between townships, was greater
than 10 for common grackles in the Drift Plain and
the Lake Agassiz Plain strata and for the 3 species
combined in the Drift Plain stratum (Table 2).
Otherwise, the optimum number of quarter sec-
tions/township was 10 or less for each species. An
optimum number of quarter sections needed to
estimate the population of yellow-headed black-
birds in the Lake Agassiz Plain was not estimated
because none were encountered on the quarter
sections surveyed there. By using the optimum
number of quarter sections in future surveys, a
lower variance/unit cost should be achieved.

Discussion

The 1991 cluster sampling technique reduced
the cost of doing individual quarter sections from
1990 levels, even after we adjusted for the modifi-

cation of the survey method between vears.
Average cost/quarter section also was more uni-
form across strata in 1991 than in 1990. For exam-
ple, cost of surveying a quarter section in the
Missouri Slopes stratum was 46 minutes longer
than in the Lake Agassiz stratum in 1990; the differ-
ence for the same areas in 1991 was only 11 min-
utes. Cost of surveying a quarter section in 1991
was 40% that of the 1990 adjusted cost, due prima-
rily to reduced mean travel time between quarter
sections.

The coefficients of intraclass correlation and de-
sign effects were used to estimate effect of cluster
sampling versus random sampling without the con-
founding effects of Neyman allocation used in
1991 compared to the proportional allocation used
in 1990 or the differences in effort between years.
The coefficients of intraclass correlation indicate
there was an effect of homogeneity among quarter
sections within townships. The design effect ratios
indicate that the effective sample size of the strati-
fied cluster samples, compared to stratified random
samples, was about 50% of the actual number. This
means that we could expect comparable results
whether sampling 400 quarter sections randomly
or 80 clusters of 10 quarter sections each. A sample
of 400 random quarter sections would lead to a
small reduction in travel time spent between quar-
ter sections as they would, on average, be closer
together. On the other hand, time spent locating
landowners and obtaining permission would not
change, and a large proportion of time would still
be expended during survey periods accessing ran-
dom quarter sections, thus yielding costs very simi-
lar to those of 1990. Cluster sampling often
enabled field researchers to use the midday period,
from 1100 hours to 1600 hours, to seek access to all
the sample quarter sections in a township and thus
fully use survey periods to count birds. Because it
takes 60% less time in the field to survey cluster
samples, surveying twice as many quarter sections
with the cluster sample method is more cost-effec-

- tive and yields at least equivalent resuits.

Another way of looking at the relationship of cost
differences between the 2 sampling methods is the
number of quarter sections that can be surveyed
per day’s effort. Using stratified random sampling,
a team of 2 observers surveyed 4 (but would have
been 5 with the modified survey technique used in
1991) quarter sections/day in 1990 and the same
team using the cluster sampling method averaged
surveying 12 quarter sections/day in 1991. While



A flock of blackbirds ascends from a sunflower field.

the sampling effort in the field almost doubled from
1990 to 1991, number of quarter sections surveyed
increased 6.2fold. This doubling of effort would
have meant about 335 quarter sections could have
been surveyed using stratified random sampling
(accounting for more efficient field survey technique
used in 1991) when actually 798 quarter sections
were surveyed using stratified cluster sampling
with a resulting effective sample size of 400 strati-
fied random quarter sections. A sample comparable
to 400 stratified random quarter sections is expect-
ed to yield a more precise estimate of the popula-
tion than 335 stratified random quarter sections
surveyed for the same cost. A further considera-
tion, whose cost was not tracked and thus not
included in the calculations, was the logistics of
preparing for and conducting field work (e.g., gath-
ering maps and aerial photographs), which were
simplified with cluster sampling.

Recommendations

For future blackbird population surveys in North
Dakota, we recommend 1) 4 physiographic strata,
2) Neyman allocation of sample units, 3) cluster
sampling with townships as the clusters and quar-
ter sections as the samples, and 4) an optimum
number of samples within each township should
be sampled within each stratum, dependent on for
which species the most precise estimates are need-
ed (Table 2). In addition, blackbird populations
should be surveyed periodically to facilitate clarifi-
cation of the relationship between blackbird popu-
lations and sunflower damage.

The principles demonstrated in this paper of
selecting between a cluster sample design Or 4 ran-
dom sample design based on cost-effectiveness can
be applied to a variety of situations. In cases where

cost of obtaining observations increases significant-
ly as the distance separating sample sites increases,
cluster sampling may be more economical. This is
especially true when cluster sampling allows
observers to maximize use of critical survey peri-
ods, such as with surveying interior forest breeding
song birds (e.g., mornings) or intertidal zone inver-
tebrates (e.g., during low tide). Examples of where
cluster sampling may serve better than simple ran-
dom sampling or stratified random sampling are the
estimation of small mammal populations on alpine
tundra, due to the great costs of accessing and sur-
veying plots, and surveying plots for plant commu-
nities where access is time consuming due to frag-
mented land ownership or difficult terrain.
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